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(sy A reflector array (25) employing a number of 
linear, tubular heater lamps (27) arranged In a circle 
concentric with the substrate (5) to be heated. Some 
of the lamps (27) have focusing reflectors (31) and 
the remainder have dispersive reflectors. A periph- 
eral cylindrical reflector (45) surrounds the lamps 
(27) and their associated reflectors. The combined 
reflectors permit balancing the thermal radiation in- 
tensity across the surface of the substrate (5). 
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The present invention relate? generally to heat- 
ers useful in thermal processing apparatuses, more 
particularly to heaters used in the rapid thermal 
processing of semiconductor substrates. 

The commercial production of semiconductor 
devices has in recent times been placed under 
increasing pressure to reduce the cost per device. 
This in turn has required new measures to increase 
the efficiency of epitaxial processing methods so 
that they yield higher throughput of acceptable 
devices at a lower cost per device. One important 
recent development in this regard is a compact, 
double-dome reactor which achieves increased 
processing speed and reduced consumption of the 
gases used in the epitaxial reaction. 

Such an apparatus is fully detailed in a pend- 
ing European Patent Application No. 91102542.7. 
commonly assigned with the present application. 
The reactor system utilized in this cited application 
is efficient enough to permit economic processing 
of even a single wafer per processing operation. 

The central concepts of this double-dome reac- 
tor system may be summarized as follows: (1) 
support the substrate on a thin, low-mass suscep- 
tor for rapid heating and cooling; (2) enclose the 
substrate and susceptor in a compact housing hav- 
ing a pair of transparent domes, each dome cover- 
ing one face of the susceptor-substrate combina- 
tion; (3) provide conduits for reactant gases to 
enter and exit the housing; (4) provide a pair of 
radiant heaters arranged to project thermal radi- 
ation through each of the transparent domes to 
uniformly heat each face of the susceptor-substrate 
combination. 

While the reactor system described In the 
above patent double dome application has proven 
very efficient in reducing processing cost and in- 
creasing throughput, work has continued on further 
improvements in these regards. The radiant heat- 
ers shown and described in the double dome pat- 
ent application are of the sort which uses a pair of 
concentric arrays of heater lamps in a simple cylin- 
drical reflector housing, one lamp array near the 
outer periphery and the other nearer the center of 
the cyllndrically symmetric arrangement. The two 
arrays use different types of lamps having different 
radiation patterns, as shown in the drawing of the 
above mentioned double dome patent application. 

Such an arrangement achieves good radial uni- 
formity of thermal radiation from the center to the 
edge of the substrate, while rotation of the sub- 
strate about the axis of cylindrical symmetry effec- 
tively cancels any azimuthal non-uniformities of ra- 
diation. However, achieving similar radial uniformity 
of thermal radiation without requiring two concen- 
tric arrays of heater lamps of two different types 
would be very desirable, since the cost of the 
heaters could be reduced. 



This object is solved by the heater apparatus 
of independent claim 1, the method for directing 
uniform thermal radiation to a workpiece according 
to independent claim 16 and the reactor for pro- 

s cessing semiconductor wafers according to inde- 
pendent claim 18. Further advantageous features, 
aspects and details of the invention are evident 
from the dependent claims, the description and the 
drawings. The claims are Intended to be under- 

10 stood as a first non-limiting approach of defining 
the invention in general terms. 

The Invention provides an apparatus and meth- 
od for heating semiconductor substrates during 
chemical-vapor-deposition (CVD) processes, in- 

75 eluding epitaxial reaction processes. Accordingly, it 
will be understood that when reference is made in 
the remainder of this application to CVD or epitaxial 
deposition processes, these are merely prime ex- 
amples of the range of thermal processes to which 

2Q the teachings of the present invention are applica- 
ble. 

An aspect of the present invention is to reduce 
the complexity of heaters used for heating a sub- 
strate in a rapid thermal processing or CVD ap- 
26 paratus. 

Another aspect of the present invention is to 
provide such a heater In a form which heats the 
substrate indirectly by producing thermal radiation. 
Another aspect of the present invention is to 
30 provide such a heater in a form which produces 
enhanced radial uniformity of thermal radiation over 
the extent of the substrate. 

Another aspect of the present invention is to 
provide such a heater In a form which is more 
as economical to manufacture than prior art heaters. 

Another object of the present invention is to 
provide such a heater which achieves the foregoing 
aspects with the use of a single array of heater 
lamps. 

40 Another aspect of the present invention is to 

provide as a part of such fl heater an improved 
reflector which produces enhanced radial uniform- 
ity of thermal radiation from a single array of heater 
lamps. 

45 It is a further aspect of this invention to provide 

variable power supplies for controlling the heat 
distribution of the heater lamps. 

It is a further aspect of this invention to provide 
variable power supplies for controlling the heat 
so distribution of the heater lamps at different times 
during the processing. 

To the above ends, a radiant heater for use in 
heating the substrate in a CVD apparatus, in accor- 
dance with the present invention, uses a plurality of 
55 linear, tubular heater lamps arranged in a concen- 
tric, radial array about the axis along which thermal 
radiations are directed toward the substrate. 

Some of the lamps are provided with focusing 
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reflectors which cause thermal radiation to be di- 
rected in parallel paths toward the substrate, result- 
ing in greater thermal radiation near the center of 
the substrate. The remainder of the lamps are 
provided with dispersive reflectors which cause 
thermal radiation to be dispersed in a hemispheri- 
cal radiation pattern. 

A peripheral reflector circumferentiatly sur- 
rounding the lamps and their associated reflectors 
intercepts some of the dispersed radiation and 
redirects it into a radiation pattern which is more 
intense at the periphery of the substrate than at the 
center, balancing the pattern of radiation from the 
focusing reflectors, 

The above and other features, aspects, and 
advantages of the present invention, together with 
the best mode known to the inventors for carrying 
out their invention, will become more apparent from 
reading the description of the invention which fol- 
lows while studying the associated drawing, the 
various figures of which represent: 

Figure 1 is a side view, partly in elevation and 
partly in section, showing a heater apparatus 
according to the present invention; 
Figure 2 is an axial end view of the heater 
apparatus of Figure 1 from the perspective in- 
dicated by lines 2-2 in Figure 1 ; 
Figure 3 is a sectional view illustrating a single 
heater lamp and its associated focusing reflec- 
tor; 

Figure 4 is a sectional view illustrating a single 
heatBr lamp in combination with a planar disper- 
sive reflector; 

Figure 5 is a sectional view illustrating a single 
heater lamp in combination with a cylindrical 
dispersive reflector; and 

Figure 6 is an axial end view of a heater appara- 
tus with a main power supply and a balance 
power supply. 
In Figure 1 , a chemical vapor deposition (CVD) 
reactor vessel or other rapid thermal processing 
apparatus 1 is illustrated in a simplified and some- 
what schematic form. A semiconductor substrate 3, 
which might be a thin wafer of silicon having a 
diameter of 200mm, for example, is supported on a 
susceptor 5 mounted within the processing cham- 
ber within reactor vessel 1, Susceptor 5 is made, 
for example, of graphite and is In the form of a thin 
disc having a peripheral stiffening flange, such that 
it has a relatively low thermal mass. 

An upper domed cover 7 made of a transpar- 
ent refractory material such as quartz, for example, 
encloses the top surface of substrate 3 and 
susceptor 5, while a similar lower domed cover 9 
encloses the bottom surface thereof. Edge flanges 
11, illustrated in a simplified schematic form, are 
used to join covers 7 and 9, forming a gas-tight 
joint. 



Although each of the domed covers 7 and B 
might be provided with a tubular neck as in the 
aforementioned double dome patent application, 
only lower cover 9 has been illustrated with a 

s tubular neck 13 located on the axis 15 of cylindrical 
symmetry of the apparatus. Neck 13 may be con- 
nected to a vacuum pump, to a source of purge 
gas, or to a source of desired reactive gaseous 
atmosphere to be introduced into the apparatus, 

70 Ports (not shown) In edge flanges 11 are provided 
as in the aforementioned double dome patent ap- 
plication, and are similarly used to control the gas- 
eous environment within the apparatus 1 . 

A support shaft 17 extends upwardly within the 

75 neck 13 of lower cover 9 along axis 15 to support 
susceptor 5 and substrate 3. Shaft 17 may be 
rotated during processing operations by a motor 
(not shown). 

A heater apparatus 19 is positioned adjacent 
so upper cover 7 for the purpose of heating substrate 
3 and susceptor 5 during processing. Heater ap- 
paratus 19 projects thermal radiations in a direction 
generally along axis 15, and, together with a similar 
lower heater apparatus 21 (shown only in phantom 
25 outline) heats the substrate 3 and susceptor 5 to 
processing temperatures in the range of 500 to 
1200 degrees Celsius. 

Considered in its simplest and broadest aspect, 
heater apparatus 19 consists of an extended array 
30 of spaced heaters 23 and an extended reflector 
array 25. Heaters 23 extend radially inwardly to- 
ward axis 15 through corresponding apertures in 
the outer wall of extended reflector array 25. Each 
of these heaters 23 consists of a linear, tubular 
35 halogen-quart* lamp 27 with a tungsten filament 
and a socket 29 which provides mechanical sup- 
port and electrical connections to the lamp 27. 

Figure 2 illustrates in plan view the radial ar- 
rangement of heater lamps 23, and also shows 
40 that, in accordance with the present invention, al- 
ternate heater lamps are provided with focusing 
type reflectors 31 which will be described in more 
detail with respect to Figure 3. The remaining heat- 
er lamps are provided with dispersive type reflec- 
ts tors which will be described in more detail with 
respect to Figs. 4 and 5. The reflectors are elon- 
gated having a major dimension extending the 
length of the filament in the adjacent heater lamp, 
and a minor dimension extending traverse to the 
60 filament. 

The focusing reflectors form a first collection of 
generally concave reflectors associated with a first 
collection of heater lamps for directing heating radi- 
ations in a first radiation pattern across the center 
S5 of the susceptor. The dispersive reflectors form a 
second collection of generally flat reflectors asso- 
ciated with a second collection of heater lamps for 
directing heating radiations in a second radiation 
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pattern around the edge of the susceptor. 

Although Figure 2 shows 16 of the heater 
lamps 23. and Indicates that every other one (i.e., 
8) of them is provided with a focusing reflector, It 
will bB understood that such is for illustrative pur- 
poses only, and that the teachings of the present 
invention extend to any number of heater lamps 23 
and focusing reflectors 31. For instance, the disper- 
sive reflectors forming the second collection of 
reflectors may outnumber the focusing reflectors 
forming the first collection of reflectors, because 
the edge area serviced by the dispersive reflectors 
is much larger than the center area serviced by the 
focusing reflectors. 

Turning now to Figure 3, a single lamp 27 
together with its associated focusing reflector 31 
are Illustrated in cross-section. As indicated, reflec- 
tor 31 is formed as an integral part of extended 
reflector array 25, for example by processes of 
casting, machining and the like, followed by plating 
with a thin layer of gold. 

Each point along linear filament 33 of lamp 27 
produces thermal radiations uniformly in all direc- 
tions. A portion of the radiations from any given 
point extend radially within a plane transverse to 
the axis of the filament (normal to the plane of the 
drawing). However, only the rays which strike fo- 
cusing reflector 31 have been illustrated in Figure 
3. As can be seen In the Figure, these rays 
emerge, after reflection, parallel to one another and 
to an axis normal to the reflector array 25, as 
represented by doited line 35 in Figure 3. 

Such a radiation pattern is produced by for- 
ming the surface 37 of reflector 31 such that it has 
a parabolic cross-section and by locating filament 
33 at the focal axis of the parabola, The rays are 
reflected generally parallel to the central plane of 
symmetry of the parabola which extends downwar- 
dly through the focal axis and generally normal to 
the susceptor. Each parabolic reflector produces a 
band of generally parallel radiation which heats the 
edge region and the center region of the susceptor. 
Each band of radiation contributes to the heating of 
the center region which establishes a more intense 
heating pattern at the center. The planes of sym- 
metry of the other parabolic reflectors also extend 
generally normal to the susceptor and have a com- 
mon intersection along axis 15. 

However, much of the total thermal radiation 
generated by filament 33 will not follow the paths 
which are illustrated in Figure 3. In particular, ap- 
proximately 2/3 of the radiation of filament 33 
doesn't impinge upon surface 37, since this sur- 
face, as illustrated, subtends an angle of only about 
120 degrees at filament 33. Moreover, some of the 
thermal radiation striking surface 37 travels along 
ray paths which are not normal to the axis of 
filament 33. This radiation also will not be focused 



in accordance with Figure 3. 

For these reasons, the radiation pattern pro- 
duced by focusing reflector 31 is very much more 
complex than illustrated in Figure 3 P and the ec- 

5 curate focusing of the indicated rays along paths 
which are parallel to the axis of the reflector array 
is not of critical concern. Accordingly, in the inter- 
ests of economy, it is practical to roughly approxi- 
mate the complex shape of a parabola by the use 

10 of a surface formed by intersecting planes, illus- 
trated by dotted lines 39 in Figure 3. Similarly, 
although not illustrated, another general approxima- 
tion of a parabolic cross section can be achieved 
by the use of intersecting surfaces which are por- 

75 tions of circular cylinders. 

Figure 4 illustrates the radiation pattern pro- 
duced by a planar type of dispersive reflector 41, 
considering only those rays which travel along 
paths normal to filament 33\ As can be seen, only 

30 those rays which strike reflector 4i nearly normal 
thereto are reflected in a direction generally normal 
to the reflector array 25, since reflector 41 has no 
converging or focusing effect. 

Figure 5 illustrates thB pattern produced when 

25 the regions of reflector array 25 between focusing 
reflectors 31 are formed as cylinders of circular 
cross-section. As can be seen, the particular radius 
of curvature and filament position illustrated in Fig- 
ure 5 have resulted in dispersion of the reflected 

30 rays. 

However, if the radius of curvature of surface 
43 in Figure 5 were to be increased (as indicated 
by surface 43'), the pattern of reflected rays would 
first pass through a condition of approximate par- 
35 allelism as the parabolic focus moved relative to 
surface 43, and then change to divergence. The 
actual degree of dispersion produced by the dis- 
persive reflector of Figure 5 will therefore depend 
upon the radius of curvature of cylindrical surface 
40 43 and upon the location of filament 33" with 
respect to surface 43. 

From the foregoing discussions, It will be ap- 
parent that thB pattern of radiation from each lamp 
and its associated reflector is complex and difficult 
45 to analyze. However, the use of two different types 
of reflectors in accordance with the present inven- 
tion offers the possibility of altering the radiation 
patterns in such a way that considerable variation 
can be achieved on an empirical basis. Accord- 
so ingly, it is possible to select appropriate reflector 
configurations and dimensions to optimize thermal 
uniformity over the surface of the substrate 3 in 
Figure 1 . 

Returning now to Figure 1 , the radiation pattern 
55 produced on substrate 3 is considerably influenced 
by the incorporation of a peripheral reflector 45 in 
the shape of a cylinder having its axis generally 
coincident with axis 15. Peripheral reflector 45 is 
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thus positioned to intercept a considerable percent- 
age of the rays traveling along paths which deviate 
considerably from a direction parallel to axis 15, 
and to redirect a large percentage of these rays 
onto substrate 3. Inner reflector 46 also Intercepts 
and redirects deviate rays. 

Peripheral reflector 45 further increases the 
complexity of analysis of the radiation pattern pro- 
duced on substrate 3 ( but empirical results show 
the following: 

(1) The radiation pattern produced by focusing 
reflectors 31 is higher in the center region of 
substrate 3 than in the peripheral region thereof. 
This is consistent with the fact that a substantial 
percentage of the radiation from the focusing 
reflectors is beamed toward the substrate. 

(2) The radiation pattern produced by dispersive 
reflectors such as planar reflector 41 of Figure 4 
and circular-cylindrical reflector 43 of Figure 5 is 
greater in the peripheral region of substrate 3 
than in the center region thereof. This is consis* 
tent with the greater percentage of rays which 
diverge from a direction parallel to axis 15 in 
Figure 1, Many of these rays impinge on periph- 
eral reflector 45 and are reflected into a pattern 
of high radiation density in the peripheral region 
of the substrate 3. 

VARIABLE POWER SUPPLY (Figure 2) 

Electrical power supplies provide electrical cur- 
rent for energizing the heating lamps to establish 
the elevated temperature of the susceptor and wa- 
fer. Preferably, the power supplies are adjustable in 
order to vary the lamp current and control the 
intensity of the heating radiations from the lamps 
and balance the hBat distribution between the cen- 
ter heating pattern and the edge heating pattern. 

First or center power supply 47 controls the 
energizing current to the first collection of lamps, 
the lamps with generally concave focusing reflec- 
tors. Varying the current from the center power 
supply varies the heating radiations directed toward 
the center of the susceptor along the first heating 
pattern. Second or edge power supply 49 controls 
the energizing current to the second collection of 
lamps, the lamps with generally flat dispersive re- 
flectors. Varying the current from the edge power 
supply varies the heating radiations directed ar- 
ound the edge of the susceptor along the second 
heating pattern. 

The power supplies may be any suitable ad- 
justable circuit such as a phase angle fired SCR. 
The heater lamps may have a lower operating 
voltage than the power supply voltage, and may be 
connected in series to torm strings which are con- 
nected across the power supplies. For example, a 
480 volt supply may have four 120 volt - 16 am- 



pere lamps forming a single string as shown in the 
embodiment of Figure 6. This string configuration 
permits a higher voltage power supply to operate 
at a lower current load. 

s 

MAIN - BALANCE POWER SUPPLIES (Figure 6) 

The lamp load of the variable power supplies 
need not be allocated on a strictly center pattern or 

w edge pattern basis. Main power supply 61 (see 
Figure 6) supplies current to three main strings 63a 
and 63b and 63c having serially connected lamps 
from both the center lamp collection and in the 
edge lamp collection. Balance power supply 65 

ts however supplies current to balance string 67 
which has lamps from only the center lamp collec- 
tion. 

The current from main power supply 61 is 
increased (or decreased) to elevated (or lower) the 

20 operating temperature of the susceptor by Increas- 
ing (or decreasing) the lamp current through the 
main string lamps. Adjusting the main power sup- 
ply affects both the center heating pattern and the 
edge heating pattern because the main string 

25 lamps include lamps from the center collection with 
concave collective reflectors and lamps from the 
edge collection with planar dispersive reflectors. 

Balance power supply 65 is adjusted to bal- 
ance the heating radiations between the two heat- 

30 ing patterns by changing the heat directed along 
the center heating pattern at the center of the 
susceptor. All of the heating lamps in balance 
string 67 are from the center collection. The center 
heat may be raised or lowered separately from the 

35 edge heat by adjusting only balance power supply 
65. 

In accordance with the present invention, a 
substantial improvement in uniformity of thermal 
radiation, and a corresponding improvement in 

40 temperature uniformity from center to edge of sub- 
strate 3, can be achieved by designing reflector 
array 25 to include both focusing and dispersive 
reflectors together with a peripheral reflector The 
improvement is produced by balancing the center 

45 bias of the focusing reflectors with the peripheral 
bias of the dispersive reflectors. In this manner, 
temperature variation across the extent of substrate 
3 has been reduced to 2 to 4 Celsius degrees. 
Moreover, these results have been achieved using 

so only a single peripheral array of heater lamps of a 
single type, resulting in manufacturing costs which 
are lower than for the heater arrays known here- 
tofore. 

66 Claims 

1, A heater apparatus for directing uniform ther- 
mal radiation along a radiation axis (15) to 
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uniformly thermally irradiate a workpiece (3) on 
said radiation axis, especially for heating a 
planar substrate in a chemical vapor deposition 
(CVD) or other thermal processing apparatus, 
said heater apparatus (19) comprising: 

an extended reflector array (25) positioned 
on said radiation axis (15) and extending gen- 
erally transversely thereto at a first location 
therealong spaced from said substrate (3); 

an extended heater array (23) positioned 
on said radiation axis (15) and extending gen- 
erally transversely thereto at a second location 
therealong between said substrate (3) and said 
reflector array (25); 

said reflector array (25) including a first 
reflector means (31) for focusing a preselected 
first portion of the thermal radiation of said 
heater array (23) along axes parallel to said 
thermal radiation axis (15), said first reflector 
means (31) producing a first radiation pattern 
having a higher radiation intensity in The cen- 
tral region of said substrate (3) and a lower 
intensity in the peripheral region thereof; 

said reflector array (25) further including a 
second reflector means (4, 43, 43*) for dispers- 
ing a preselected second portion of said ther- 
mal radiation in a generally hemispherical pat- 
tern; and 

peripheral reflector means (45) clrcumfer- 
entially surrounding said reflector array (25) 
and heater array (23) for redirecting thermal 
radiation impinging on said peripheral reflector 
means (45) onto said substrate (3) in a second 
pattern producing higher radiation intensity in 
the peripheral region of said substrate (3) and 
lower radiation intensity in the central region 
thereof, whereby said first and second radi- 
ation patterns substantially compensate one 
another, and radiation intensity is rendered 
substantially uniform over the extent of said 
substrate (3). 

2. The heater apparatus of claim 1 wherein said 
heater array (23) comprises a plurality of dis- 
crete heaters (27) circumferentially spaced 
about said radiation axis (15). 

3. The heater apparatus of claim 1 or 2 wherein 
said heater array (23) comprises an elongated 
heater (27) oriented with its axis of elongation 
generally pointing toward said radiation axis 
(15). 

4. The heater apparatus of claim 2 or 3 wherein 



said heater array comprises a plurality of dis- 
crete, circumferentially spaced, elongated 
heaters (27) arrayed generally in a circle about 
said radiation axis (15). 

5 

5 ( The heater apparatus of claim 4 wherein said 
elongated heaters (27) are spaced from said 
radiation axis (15) and disposed generally on a 
circle having its center on said radiation axis. 

70 

6. The heater apparatus of one of claims 3 to 5 
wherein said first reflector means (31) is so 
shaped and disposed with respect to said elon- 
gated heater (27) as to focus thermal radiation 

76 from said elongated heater (27) along paths 

parallel to said radiation axis (15) and toward 
said substrate (3). 

7. The heater apparatus of claim 6 wherein said 
20 first reflector means (31) comprises an elon- 
gated reflector having, in a direction transverse 
to its axis of elongation, a substantially para- 
bolic cross sectional shape, and wherein said 
elongated reflector is positioned to cause its 

25 parabolic focus (33) to substantially coincide 

with said elongated heater (27). 

8. The heater apparatus of claim 6 wherein said 
first reflector means (31) comprises an elon- 

ao gated reflector having, in a direction transverse 

to its axis of elongation, a cross-sectional 
shape comprising a pair of angled planes (39) 
oriented to lie generally on a parabolic locus, 
and wherein said elongated reflector is posi* 

35 tioned to cause Its parabolic focus (33) to 

substantially coincide with said elongated heat- 
er (27). 

9. The heater apparatus of one of the preceding 
40 claims wherein said second reflector means 

comprises a flat reflector (41) oriented gen- 
erally normal to said radiation axis (15). 

10. The heater apparatus of one of claims 3 to 9 
45 wherein said second reflector means com- 
prises a flat reflector (41) oriented to lie par- 
allel to said axis of elongation of said elon- 
gated heater (27). 

so 11- The heater apparatus of one of claims 3 to 8 
wherein said second reflector means com- 
prises an elongated reflector (43) having, in a 
direction transverse to its axis of elongation, a 
circular cross-sectional shape, and wherein 

55 said elongated reflector (43, 43') is positioned 

with respect to said elongated heater (27) so 
as to cause the axis of elongation of said 
heater (33°)to lie generally parallel to the axis 
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of elongation of said elongated reflector (43, 
43'). 

12. The heater apparatus of claim 11 wherein said 
elongated heater (27) is positioned nearer to 
said elongated reflector (43') than the radius of 
curvature of said circular cross-sectional 
shape. 

13- The heater apparatus of one of the preceding 
claims wherein said peripheral reflector com- 
prises a cylindrical reflector (45) disposed cir- 
cumferentially surrounding said extended re- 
flector array (25) and extending from said re- 
flector array in a direction toward said sub- 
strate (3). 

14. The heater apparatus of claim 13 wherein said 
cylindrical reflector (45) Is disposed with its 
axis generally parallel to said radiation axis 
(15). 

15. The heater apparatus of claim 13 or 14 
wherein said cylindrical reflector (45) has a 
circular cross-sectional shape in a direction 
transverse to its axis. 

16. A method for directing uniform thermal radi- 
ation along a radiation axis to uniformly ther- 
mally irradiate a workpiece on said radiation 
axis, especially for heating a planar substrate 
in a chemical vapor deposition (CVD) or other 
thermal processing apparatus, comprising the 
steps: 

a. providing an extended reflector array po- 
sitioned on said radiation axis and extending 
generally transversely thereto at a first loca- 
tion therealong spaced from said substrate; 

b. providing an extended heater array posi- 
tioned on said radiation axis and extending 
generally transversely thereto at a second 
location therealong between said substrate 
and said reflector array; 

c. providing, as a part of said reflector array, 
a first reflector means for focusing a 
preselected first portion of the thermal radi- 
ation of said heater array along axes parallel 
to said thermal radiation axis, said first re- 
flector means producing a first radiation pat- 
tern having a higher radiation intensity in 
the central region of said substrate and a 
lower intensity in the peripheral region 
thereof; 

d. providing, as a further part of said reflec- 
tor array, a second reflector means for dis- 
persing a preselected second portion of 
said thermal radiation in a generally hemi- 
spherical pattern; and 



e. providing a peripheral reflector means 
circumferentialiy surrounding said reflector 
array and heater array for redirecting ther- 
mal radiation impinging on said peripheral 

s reflector means onto said substrate in a 

second pattern producing higher radiation 
intensity in the peripheral region of said 
substrate and lower radiation intensity in the 
central region thereof, whereby said first 

70 and second radiation patterns substantially 

compensate one another, and radiation in- 
tensity is rendered substantially uniform 
over the extent of said substrate. 

75 17. The method of claim 16 wherein said step of 
providing an extended heater array comprises 
the step of providing a plurality of discrete, 
circumferentialiy spaced, elongated heaters ar- 
rayed generally in a circle about said radiation 

so axis with the axes of elongation of said elon- 

gated heaters pointing generally toward said 
radiation axis. 

18. A reactor (1) for processing semiconductor wa- 
25 fers at elevated temperatures, comprising: 

reactor vessel means (7,9,11) defining a 
processing chamber for the wafers (3); 

30 susceptor means (5) mounted within the 

chamber for supporting the wafers (3) during 
processing; 

first radiant hoater means (31) for provid- 
3$ ing heating radiation to elevate the temperature 

of the susceptor means (5) and wafer (3) sup- 
ported thereon; 

first reflector means (31) associated with 
40 the first heater means for directing the heating 

radiations from the first heater means in a first 
heating pattern across the susceptor means (5) 
and wafer (3); 

45 second radiant heater means for providing 

heating radiations to elevate the temperature of 
the susceptor means (5) and wafer (3) sup- 
ported thereon; 

60 second reflector means (41,43,43*) asso- 

ciated with the second heater means for direct- 
ing the heating radiations from the second 
heater means in a second heating pattern 
across the susceptor means (5) and wafer (3); 

55 and 

variable power supply means 
(47.49,61,633,63^630,65) for controlling the 
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first and second heater means to. establish the 
elevated temperature of the susceptor means 
(5) and wafer (3) and determine the heat bal- 
ance between the first heating pattern and the 
second heating pattern. 

19, The reactor of Claim 18 wherein the first heat- 
er means Is a first collection of heaters (27) 
and the first reflector means is a first collection 
of generally concave collective reflectors (31) 
one proximate each heater (27) in the first 
collection of heaters, and the first heating pat- 
Tern is more intense In the central region of the 
susceptor means (5). 

20, The reactor of Claim 18 or 19 wherein the 
heaters (27) in the first collection of heaters are 
elongated lamps, and the reflectors (31) in the 
first collection of reflectors are elongated hav- 
ing a major dimension and a minor dimension 
with a central plana of symmetry therethrough 
along the major dimension and extending gen- 
erally normal to the susceptor means (5). 

21, The reactor of claim 20 wherein the planes of 
symmetry of the reflectors (31) in the first 
collection of reflectors intersect along a com- 
mon intersection line proximate the center of 
the susceptor means (5). 

22, The reactor of one of claims 19 to 21 wherein 
each reflector (31) in the first collection of 
reflectors is formed by a parabolic surface 
having a focal axis generally coincident with 
the filament axis (33) of the lamp proximate 
thereto for focusing the heating radiations from 
the lamp Into a band of heating radiations 
parallel to the central plane of symmetry of the 
parabolic reflector and generally normal to the 
susceptor means (5). 

23, The reactor of claim 20 or 21 wherein each 
reflector in the first collection of reflectors is 
formed by a section of a cylindrical surface. 

24, The reactor of claim 20 or 2i wherein each 
reflector in the first collection of reflectors is 
formed by two flat sections (39). 

25, The reactor of one of claims 18 to 24 wherein 
the second heater means is a second collec- 
tion of heaters (27) and the second reflector 
means is a second collection of generally dis- 
persive reflectors (41 ,43,43') one proximate 
each heater in the second collection of heat- 
ers, and the second heating pattern is more 
intense around the edge region of the suscep- 
tor means (5). 



26. The reactor of claim 25 wherein each reflector 
in the second collection of reflectors is formed 
by a flat section (41 ). 

e 27. The reactor of one of claims 18 to 26 further 
comprising, a third reflector means (45) ex- 
tending around the periphery of the processing 
chamber for redirecting heating radiations from 
the first collection of heaters toward the center 

70 of the susceptor means (5) as part of the first 

heating pattern, and for redirecting heating ra- 
diations from the second collection of heaters 
toward the edge region of the susceptor 
means as part of the second heating pattern. 

75 

28. The reactor of claim 27 wherein the third re- 
flector means is a cylinder (45). 

29. The reactor of one of claims 18 to 28 wherein 
20 the variable power supply means further com- 
prises a first power supply means (47) for 
energizing the first collection of heaters and a 
second power supply means (49) for energiz- 
ing the second collection of heaters (27). 

25 

30- The reactor of one of claims 1 8 to 29 wherein 
the heaters (27) are connected to the power 
supply means (81,65) in strings (63a r 63b,B3c) 
of multiple heaters (27). 

30 

31. The reactor of Claim 30 wherein the each 
string of multiple heaters has four heaters. 

32. The reactor of claim 25 wherein the variable 
35 power supply means further comprises a main 

power supply means (61) for energizing most 
of the heaters (27) in the first and second 
collection of heaters, and a balance power 
supply means (65,67) for energizing a few of 
40 the heaters (27). 

33. The reactor of Claim 32 wherein the balance 
power supply means (65,67) energizes a few 
of the heaters in the first collection of heaters. 

45 

34. The reactor of one of claims 18 to 33 wherein: 

the first collection of heaters further com- 
prises top heaters over the susceptor means 
so and bottom heaters under the susceptor 

means; and 

the second collection of heaters further 
comprises top heaters over the susceptor 
65 means and bottom heaters under the suscep- 

tor means. 
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